. Smolt/redd ratios based on recent and historic estimates of smolt abundance (95% CLs) and census redd counts for spring Chinook salmon for the John Day River basin. Historic estimates from the 1978-1982 brood years are from Lindsay et al. (1986) Table 9 . Number captured and measured for fork length (n) and estimated percent age structure of juvenile steelhead captured at three rotary screw trap sites in the John Day River during two periods (Fall/Winter, October to 31 January Table 13 . Juvenile tag year, number PIT tagged as juveniles, adult return years, number returning by ocean residence, and number of delayed migrants (juveniles that did not emigrate the year they were PIT tagged) that were detected at Bonneville Dam, and estimated smolt-to-adult return (SAR) 
INTRODUCTION
The John Day River subbasin supports one of the last remaining intact wild populations of spring Chinook salmon and summer steelhead in the Columbia River Basin. These populations remain depressed relative to historic levels and limited information is available for steelhead life history. Numerous habitat protection and rehabilitation projects have been implemented in the basin to improve salmonid freshwater production and survival. However, these projects often lack effectiveness monitoring. While our monitoring efforts outlined here will not specifically measure the effectiveness of any particular project, they will provide much needed programmatic or watershed (status and trend) information to help evaluate project-specific effectiveness monitoring efforts as well as meet some data needs as index stocks. Our continued monitoring efforts to estimate salmonid smolt abundance, age structure, SAR, smolts/redd, freshwater habitat use, and distribution of critical life states will enable managers to assess the long-term effectiveness of habitat projects and to differentiate freshwater and ocean survival.
Because Columbia Basin managers have identified the John Day subbasin spring Chinook population as an index population for assessing the effects of alternative future management actions on salmon stocks in the Columbia Basin (Schaller et al. 1999) we continue our ongoing studies. This project is high priority based on the level of emphasis by the NWPPC Fish and Wildlife Program, Independent Scientific Advisory Board (ISAB), Independent Scientific Review Panel (ISRP), NOAA National Marine Fisheries Service (NMFS), and the Oregon Plan for Salmon and Watersheds (OWEB). Each of these groups have placed priority on monitoring and evaluation to provide the real-time data to guide restoration and adaptive management in the region.
STUDY AREA
The John Day River drains 20,300 km 2 of east central Oregon, the third largest drainage area in the state (Figure 1 ). From its source in the Strawberry Mountains at an elevation near 1,800 m, the John Day River flows 457 km, to an elevation near 90 m, to the Columbia River. It enters the Columbia River at river kilometer (rkm) 351. The basin is bounded by the Columbia River to the south and the Ochoco Mountains to the west.
Spring Chinook salmon primarily spawn in the upper Mainstem John Day River (hereafter called Mainstem) All RSTs were typically fished four days/week by lowering cones on Mondays and raising cones on Fridays. Traps were checked daily during these weekly fishing periods. We assumed that all fish captured were migrants. Non-target fish species were identified, enumerated, and returned to the stream. Captured juvenile spring Chinook and steelhead migrants were anesthetized with tricane methane sulfonate (MS-222), interrogated for passive integrated transponder tags (PIT tags) or pan jet paint marks, enumerated, weighed to the nearest 0.1 g, and measured (fork length, FL; mm). We followed PTAGIS marking procedures when handling, PIT tagging, and pan jet marking juvenile migrants (PTAGIS 1999 , Keefe et al. 1998 , Hart and Pitcher 1969 .
METHODS
Juvenile spring Chinook and steelhead were captured by beach and boat seining in the Mainstem John Day River between rkm 274 and 296 from 5 February to 29 May 2008 in order to supplement trapping efforts when traps were not operational due to high water discharge. Eddies, riffles, and river margins were sampled with a seine constructed of 12.7 mm mesh netting that measured 30.5 m long by 2.4 m deep with a 1.2 x 1.2 m bag constructed of 9.5 mm mesh netting in the middle. Locations for sampling within our study reach varied on a daily basis depending on discharge and success during previous sampling days (see Appendix Table A-1 for a list of sample sites). Captured spring Chinook and steelhead emigrants were handled similar as at RST sites except all newly PIT-tagged or pan-jet emigrants were released at rkm 298, two kilometers upstream of our most upstream seining site. Recaptured smolts were released seven kilometers downstream of Spray, OR at rkm 267. Mean weekly catch-per-seine estimates were determined to assess smolt migration timing through the lower Mainstem (rkm 5 268-296) during the months of February-June. All PIT-tag information was submitted to the PIT tag Information System (PTAGIS).
Day and night release trapping efficiency (TE) estimating strategies were evaluated for each trap site. Day release and night release TE were estimated separately for each fish species at each RST site by releasing previously marked fish upstream of the trap and then counting the number of marked fish recaptured (Thedinga et al. 1994) . Fish were marked with a pan jet paint mark below the surface of the fish's skin at the cranial (night release) or caudal (day release) insertion of the anal fin (Hart and Pitcher 1969, Keefe et al, 1998) or by PIT tagging. We alternated marking fish for day and night release as they were processed. Up to 20 fish were marked for day release and 20 for night release at the Mainstem and South Fork trap sites. At the Middle Fork trap, we marked up to 30 fish of each species for night release and up to 100 fish of each species for day release.
Day release TE fish were released 4.8 rkm upstream of the South Fork trap, 4 rkm upstream of the Mainstem trap, and 2.5 rkm upstream of the Middle Fork trap immediately after they were marked. Night release TE fish were marked, held in the tubs of a modified timed release device (Miller et al, 2000) , and released after dark 1.8 rkm upstream of the South Fork trap, 85 meters upstream of the Middle Fork trap, and at three distances, 85, 144, and 210 meters upstream of the Mainstem trap. Trap efficiency intervals varied depending on the number of recaptured fish of each species (Keefe et al, 1998) . Trap efficiency was estimated from the equation:
where TE is the estimated trap efficiency, M is the number of marked fish released upstream and R is the number of marked fish recaptured. A stratified trap efficiency method, utilizing the Bailey estimator, was used to estimate migrant abundance (Steinhorst et al. 2004 ) for each species. A bootstrapping procedure was then used to estimate 95% confidence intervals for migrants during both the fall/winter and spring time periods. A similar mark-recapture and bootstrapping method was used to estimate capture efficiency for our seining efforts. Abundances estimated within mark/recapture strata were expanded for days when the traps were not operated. Additional life history, parasite, and mark information was also collected from captured fish. Scale samples were taken from a subsample of steelhead migrants at all traps and from the seining operation during the spring. Scales were collected from the key scale area and annuli were counted to determine age at capture (Nicholas and Van Dyke, 1982) . At each trapping site, scales were taken from the first 25 fish captured in each of four FL intervals, 65-90 mm, 91-120 mm, 121-200 mm, and 201 mm during the fall/winter (October-31 January) and spring (1 February-15 April and 16 April -June). The age structure of all steelhead measured for fork length was estimated by assigning ages based on the relationship between FL and age of fish in our aged subsampled. The presence of trematode cysts (black spot disease; Neascus sp.) on captured smolts was noted. We identified fin clips on adult steelhead and spring Chinook captured to determine if they were of hatchery origin. Sex, MEPS length, FL, and scale samples were taken when steelhead carcasses were observed. Snouts of carcasses and captured steelhead with adipose and left ventral fin clips were collected for coded wire tag identification.
Mean, standard error, and range of fork length (L; mm), weight (W; g), and coefficient of condition (K) were reported for both fall/winter 3 October 2007 to 31 January 2008) and spring
(1 February to 20 June 2008) migrating juvenile spring Chinook and steelhead. Coefficient of condition was calculated as:
Where b = 3-the ratio of specific growth rates for length (L F ) and weight (W) (Saltzman 1977) .
Travel times for fall/winter and spring tagged emigrants to reach John Day and Bonneville Dams from the release sites were summarized for each tagging location. In addition, first and last detection dates and mean, standard error, and range of travel time to John Day Dam, Bonneville Dam, and the Columbia Estuary were estimated. Detection rates for each seasonal tag group were calculated by dividing the number of first time detections at dams by the number PIT tagged and released at collection sites. Detection rates represent a minimum survival rate because they are not adjusted to account for fish that pass undetected through the hydrosystem.
Smolt-to-adult return (SAR; marine survival) was estimated as the ratio of smolts PIT tagged in our trapping and seining efforts to the number of returning PIT-tagged adults detected at dams as they ascended the Columbia River using DART and PTAGIS databases (DART, PTAGIS). Spring Chinook adults return at three ages (ages 3-5) so return rate of any cohort requires three years of adult data detection. Summer steelhead typically spend 1-2 years in the ocean requiring two years of adult data detection for a single smolt cohort. We also reported adult detection histories of returning native PIT tagged John Day spring Chinook and summer steelhead and the detection histories of known stray PIT tagged fish detected at McDonald's Ford on the John Day River (rkm 33). Detection histories included all known adult detections in the Columbia Basin. Freshwater survival (smolt-per-redd estimates) for the 2006 brood year of spring Chinook was estimated using the number of smolts estimated to pass individual trap sites (Mainstem, Middle Fork) and the seining reach (representing the entire basin) during 2008 and the number of redds estimated during 2006 .
RESULTS

Juvenile Chinook Smolt Capture and Tagging
Collectively, we PIT tagged 3,998 juvenile spring Chinook at our three trap sites and in the Mainstem seining operation during the spring migration from 1 February to 20 June 2008 (Table  1) . Peak movements were recorded during the month of April at all three trap sites (Figure 2) . Mean FL at capture for spring migrants from all trapping sites was 104.2 mm (range 69-149 mm; Table 2 ). Also see Table 2 for mass and K values of all smolts captured. Of the 6,616 juvenile spring Chinook examined for Neascus sp. infestation, 390 (5.9%) showed visible signs of black spot. Based on basin-wide adult spring Chinook redd counts, and juvenile abundance estimates from our seining operation in the Mainstem between Kimberly and Spray, we estimate freshwater production at 67 smolts per redd (95% CL's 58, 79) for the 2006 brood year (Table 3 , Schultz et al, 2007) .
Trap efficiency varied by site, release period, and season (see Appendix C). Trap efficiency at the Mainstem site for Chinook migrants was greater for day vs. night release when the trap was 85, 144, and 210 meters from the release device (Appendix Table C-1). Night TE did improve at the Mainstem trap as the distance between trap and release site increased. At the South Fork trap site, overall TE during the fall was 78.5% for night release fish and 54.5% for day release fish. Overall TE during the spring was 47.1% for night release fish and 46.9% for fish released during the day (Appendix Table C -3) . Low numbers of marked fish and high water and debris levels prevented an adequate evaluation of TE release strategy at the Middle Fork trap site (Appendix Table C Table 2 ). Mean FL during the spring migration was 100.7 mm (± 0.4 SE, range 69-132 mm FL; Table 2 ). Of 2,407 juvenile spring Chinook examined for Neascus sp. infestation, 148 (6.1%) showed visible signs of black spot. Based on adult spring Chinook upper Mainstem redd counts and abundance estimates from our Mainstem trap we estimated freshwater production to be 51 smolts per redd ± 95% CL's 45-57 smolts per redd for the 2006 brood year (Table 4 , Schultz et al, 2007 (Table 5 , Schultz et al, 2007) .
We PIT tagged 1,418 of the 3,364 juvenile spring Chinook captured in 546 seine hauls in the Mainstem John Day River between rkm 274-296 from 5 February to 29 May 2008 (Table 1) . One hundred fifty-six juveniles were recaptured of 3,275 fish released upstream of the seining reach during our mark-recapture efforts indicating a capture efficiency of 4.7% which peaked during April (Figure 3) . We estimated that 70,319 (95% CL's 60,597, 83,201) juveniles migrated past the seining area during our seining period (Table 4) . Mean FL was 107.1 mm (range 77-149mm; Table 2 ). Of 3,281 smolts examined for Neascus sp. infestation, 218 (6.6%) showed visible signs of black spots. 
Juvenile Steelhead Smolt Capture and Tagging
Collectively, we PIT tagged 4,076 juvenile summer steelhead at our three trap sites and in the Mainstem seining operation during the spring migration from 1 February to 20 June 2008 (Table 6 ). Migration timing peaked during the month of May at all three trapping sites ( Figure  4) . Mean fork length of migrants captured during the spring period was 162.6 mm (range 65-257 mm). The estimated age structure of all 4,867 steelhead migrants measured for FL was 20.1% age 1, 74.8% age 2, 5.1% age 3 (Tables 8 and 9 ). Of 4,870 juvenile steelhead examined for Neascus sp. infestation, 59 (1.2%) showed visible signs of black spot.
Trap efficiency varied by site, release period, and season (see Appendix C). Trapping efficiency at the Mainstem site tended to be higher for day release fish than fish released during the night when the trap was 85 and 144 m from the release device. At 210 m, night TE (12.1%) tended to be greater than day TE (5.4%, Appendix Table C-2). At the South Fork trap site, TE tended to be higher for night release fish than day release fish during both the fall and spring trapping periods (Appendix Table C -4) . Low numbers of marked fish and high water and debris levels prevented an adequate evaluation of TE release strategy at the Middle Fork trap site (Appendix Table C -6) .
At our Mainstem trap, we captured 204 summer steelhead during the fall/winter (10 October 2007-31 January 2008). We captured 1,073 and PIT tagged 1,013 juvenile steelhead during the spring period (Table 6 ). We estimate that 24,664 juvenile steelhead migrated past the Mainstem trap site during our spring trapping period. Mean FL of spring migrants was 157 mm (range 65-257 mm). The estimated age structure of 1,195 steelhead migrants measured for FL was 25.5% age 1, 72.8% age 2, and 1.8% age 3 (Tables 8 and 9 (Table 6 ). We estimate that 19,901 juveniles migrated past the trap site during our trapping period. Mean FL of fall/winter migrants was 131.1 mm (range 67-233 mm; Table 7 ). Mean FL of spring migrants was 164.9 mm (± 0.6 SE, range 68-255 mm). The estimated age structure of 3,361 steelhead migrants measured for fork length was 19.4% age 1, 74.4% age 2, and 6.2% age 3. Of 3,361 juvenile steelhead examined for Neascus sp. infestation at the South Fork trap, four (0.1%) showed visible signs of black spot.
At our Middle Fork trap we captured 230 and PIT tagged 204 juvenile steelhead from 12 February to 20 June 2008. High spring runoff and debris made it impossible to operate the Middle Fork trap during the usual May peak movement of steelhead. We estimate that 6,248 juvenile steelhead migrated past the Middle Fork trap site during our spring trapping period. Spring migrant mean fork length was 160.5 mm (range 70-240 mm; Table 6 ). The estimated age structure of 226 steelhead migrants examined during the spring was 7.5% age 1, 86.6% age 2, 5.9% age 3 (Tables 8 and 9 ). Of 226 juvenile steelhead examined for Neascus sp. infestation at the Middle Fork trap, five (2.2%) showed visible signs of black spot.
We captured and PIT tagged 85 juvenile steelhead seined in the Mainstem John Day River between rkm 274-296 from 5 February to 29 May 2008. Mean FL was 158.1 mm (range 116-204 mm; Table 7 ). The estimated age structure of 85 steelhead emigrants PIT tagged during the spring was 5.6% age-1 and 88.0% age-2, and 6.4% age-3 (Tables 8 and 9 ). Four (4.7%) of the 85 emigrants examined for Neascus sp. infestation showed visible signs of black spot. 
Incidental Catch and Observations
We captured 13 non-target species of fish in our seining and trapping efforts during the 2008 migration (Table 10) . Twenty adult summer steelhead were captured during our trapping and seining efforts. Of these, one (5%) was of hatchery origin (adipose fin clip).
No bull trout were captured this season. One adult pacific lamprey was captured alive at our Mainstem trap on 19 June. Juvenile pacific lamprey of two morphological types; visible eyes, and brown with eye spots were captured at all three rotary screw trap sites (Table 10 ). The brown with eye spots morph composed the majority of juvenile pacific lamprey observed. We captured a total of 4,007 juvenile pacific lamprey at all three rotary screw trap sites with the majority (2,611 individuals) captured at the Middle Fork trap.
PIT-tag Detections of Juveniles at FCRPS Facilities
Of 3,998 juvenile spring Chinook migrants captured, PIT tagged, and released at our trapping and seining sites between 1 February and 20 June 2008, 0.3% (12) (81) were detected in the Columbia River estuary (Table 11) 
PIT Tag Detection of Adults at FCRPS Facilities
Estimated smolt-to-adult return (SAR) for spring Chinook from the trap sites in the John Day basin to the ocean and back to Bonneville Dam for the 2003 brood year was 1.36% for the spring tag group and 1.37% for the fall/winter tag group (Table 12) . Return data for subsequent cohorts is not yet complete. There were 64 detections of returning adult spring Chinook salmon at Bonneville Dam between 11 April and 26 June 2008. Six (9%) of the 64 Bonneville Dam detections occurred during April with 77% (49 fish) detected during May and 14% (9 fish) detected during June. Thirty-one percent (20 fish) of the 64 detected at Bonneville Dam were age-3 fish, 34 (52.3%) were age-4 and 10 (15.4%) were age-5. Only two adult spring Chinook strayed past McNary, Ice Harbor, and Lower Granite Dams (Table 14) . One of the two strays was also detected in the Tucannon River.
Of the 247 returning adult summer steelhead, 209 were part of our effort to estimate summer steelhead SAR and 38 were from Oregon State University's tagging efforts. Estimated SAR for summer steelhead from the 2006 juvenile migration year was 0.86 % for the Fall/winter tag group and 2.63% for the spring tag group (Table 13) . Preliminary summer steelhead SAR for the 2007 juvenile migration was estimated at 2.93% for Fall/winter migrants and 4.44% for spring migrants (Table 13) . Of the 66 adult summer steelhead that returned during 2007 and 2008 that were PIT tagged as smolts in 2006, 65% (43 fish) returned as one-ocean fish and 35% (23 fish) returned as two-ocean fish. We will be unable to reconstruct cohort SARs for summer steelhead until we collect sufficient data on smolt age structure.
The recently installed PIT tag antenna array on the John Day River near McDonald's Ford detected 14 of the 62 PIT tagged John Day River Chinook observed as adults at Bonneville Dam. This array also detected 10 hatchery and 10 wild Chinook PIT tagged outside of the John Day basin (Table 15) . Three hatchery Chinook were PIT tagged as adults at Bonneville Dam, one was from Looking glass hatchery, four were from McCall Hatchery, and two were Fall Chinook from Lions Ferry hatchery (Table 15) (Table 16 ). One wild fish was from Chamberlain Creek, a tributary to the Middle Salmon River, 16 wild fish had been PIT tagged and barged from Lower Granite Dam, 29 hatchery fish had also been barged from Lower Granite Dam, two hatchery fish were from the Tucannon River, and one was from Wallowa Hatchery. An unknown origin steelhead PIT tagged as an adult at Priest Rapids Dam was also detected. Not all of these stray fish apparently spawned in the John Day basin. At least two wild and three hatchery fish were detected outside of the John Day basin after being observed at the McDonald Ford array (Table 16 ). Table 15 . Run, PIT tagging location, release location, adult detection history, and source (wild/hatchery) of PIT tagged adult Spring,
DISCUSSION
The abundance estimate for emigrating juvenile Chinook past our Middle Fork trap was the lowest we have reported for the past eight years. Drought and extreme water temperatures during the summer of 2007 caused significant pre-spawning mortality of adult spring Chinook in the Middle Fork and may have resulted in the loss off parr rearing in the Mainstem and Middle Fork (Ruzycki et al 2008) . We also estimated a low smolt/redd from the 2006 brood in the Upper Mainstem where we observed a 50% drop from the 2005 brood year. Our estimate of emigrating steelhead smolts may be distorted because high discharge prevented us from operating the trap during the usual peak of steelhead movement Analysis of scales from spring Chinook captured at the Mainstem Trap, in the South Fork and in the upper Mainstem near Prairie City between May and July confirms that some spring Chinook parr are capable of growing to between 75 and 100 mm FL by mid May and June. Many of these fish are migrating into the South Fork watershed. The presence of large parr mistakenly recorded as smolts during the trapping period could reduce SAR estimates when parr are PIT tagged and assigned to the wrong smolt migration year.
Our estimated spring Chinook SAR for the 2003 brood year (1.36%) was the lowest we have reported for the John Day basin suggesting a large influence from out-of-basin factors either in the migration corridor or the ocean environment. Our summer steelhead SAR from the 2006 migratory year (2.63%) was within the range of previously reported SAR estimates. The preliminary 2007 SAR of 4.44% is already higher than any steelhead SAR we have reported indicating improving ocean conditions (Table 15 ).
The success of steelhead recovery efforts in the John Day basin may be compromised by both high stray rates and high stray rates of native fish to non-natal habitat. 
CONCLUSIONS
Our tagging efforts from trap and seine operations provide the only measure of freshwater production of Chinook and steelhead in the John Day River. This tagging also enables us to estimate SAR and out-of-basin survival for the John Day populations. These abundance and survival estimates should continue to detect fish production responses to new and maturing habitat restoration projects implemented in the John Day basin. Real-time data from long term monitoring activities will guide restoration and adaptive management in the region, and aid in evaluating the success of alternative management practices. Continued monitoring of straying by steelhead and Chinook will aid evaluations of Mainstem Columbia River operations. Appendix 
Appendix
